What is claimed is: 


A target system for use with a position determination system in determining the 


2 location of\position on a vehicle, comprising: 

3 a target 5^y; 

4 one or more t^get elements disposed on the target body and detectable by the position 

5 determination system; an< 

6 a point definer extending from the target body, the point defmer including a point capable 


8 


1 


1 


7 '^f being located adjacent the position on the vehicle, 


wherein the position determin^rfon system determines a location of the target body after 


.-detecting the target elements dispose^ ^^j^^ /arget body. 



.: est. 


2. The system according to clairnSJ, wherein the point on the point definer is at a 


2 l^owTi location from the target body. 


I '5 a 


3. The system according to claim 1, wherehi the point is at a distal end of the point 


definer. 


1 4. The system according to claim 3, wherein the poi^t is at the vertex of a conical 

2 projection at the distal end of the point definer. 



4. TEe sys 

2 joints that enable the point to be positioned at a 


to claim 1 , wherein the point definer includes one or more 

ative to the target body. 



6. \ The system according to claim 5, wherein the one or more joints each allow 

2 ^ rotation of the^oint in one or more axis relative to the target body. 
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1 



e system according to claim 5, wherein the point definer includes one joint 




allowing the point one axes of rotation 


the target body, the point being positionable in 


3 any one of three positions. 


8. Thei system according to claim 5, wherein each joint includes a lock to selectively 
prevent or allow movfement of the point relative to the target body. 


^2 


The systernVaccording to claim 1 , further comprising a trigger for operating the 


■m- 



.^tection of the target system by the position 


1 m 


ill 


■Jhe-system according-to clai 


and is remote from the position determinaiton^stem 


erein the trigger is positioned on the target 



f3 

Ij i: 


ermination 


The system according to claim 9, wherein the trigger operates the position 


tively changing the detection of one or more of the target elements 



3 Jby the position determination system. 


12. \ The system according to claim 11, wherein the trigger is movable between one of 
o positions\n a first of the two positions, the trigger conceals the one or more target elements 

1^ Trom the positionydetermination system, and in a second of the two positions, the trigger exposes 
one or more target elements to the position determination system. 

13. The system according to claim 1, wherein the target elements are positioned on a 



2 single line along the body. 
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1 14. . The system according to claim 13, wherein the single line is substantially parallel 

2 with a longitxxdinal axis of the target body. 


1 


15. 


le system according to claim 13, further comprising an attachment device to 


2 stabilize the position of the target body relative to the vehicle and the point on the point definer 



relative to the positiomon the vehicle to be located. 


16. The system according to claim 13, wherein the attachment device includes an 
ieing attached to the target body by a first pivot and being attached to the connector by a second 


achment arm and a connector for detachable connection to the vehicle, the attachment arm 


givot. 



a5«i 



Igsystem according to claim 1, further comprising an attachment device to 


stabilize the position of the target bo< 

E U 


to the vehicle and the point relative to the 


3 ]^bsition of the vehicle to be located. 


1 


18. 


le system according to claim 17, wherein the attachment device further 



comprises a receiver to which the point definer is attached and a connector that connects with the 


vehicle. 


1 


19. The sj^tem according to claim 18, wherein the receiver includes a reference 


2 feature that defines the^ position of the attachment device relative to the point on the point 


definer. 
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1 20. ^The system according to claim 19, wherein the connector defines a positional 

2 relationship betwben the position on the vehicle to be located and the reference feature. 

1 21. The \y stem according to claim 18, wherein the receiver defines a cylindrical 

2 recess into which a pLion of ,hc poin. deflner is i„se«ed. 



22. The system according to claim 18, wherein the receiver includes a reference 
^^^^eature that defines the iKi)sition of the connector relative to the point on the point definer. 


1 W 23. The systemlaccording to claim 18, wherein the attachment device is adapted to be 


tached to a strut of the vehicle. 


1 ^- 24. The system according to claim 23, wherein the reference feature and the receiver 


2 bfevent movement of the point definer relative to the attachment device in three axes. 

1 25. The system according to claim 24, wherein the reference feature is a flat plane 

2 bounding a portion of the recess.j 

\ 

1 26. A target system for use with a position determination system in determining the 

I 

2 location of a position on a vehicle,|comprising: 

3 a target body; 

4 one or more target elements^disposed on the target body and detectable by the position 

5 determination system; 
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6 a trigger positioned on the target body and remote from the position determination 

7 system, the trigger\operating the position determination system by selectively changing the 

8 detection of one or more of the target elements by the position determination system; and 

9 a point definer extending from the target body, and the point definer including a point at a 
10 distal end of the point definer, the point being capable of being located adjacent the position on 

the vehicle, and the point being at a knovm location from the target body, 

\ 

wherein the position determination system determines a location of the target body after 

\ 

^tecting the target elements disposed on the target body. 



Ess 


1 kB 27. A target system for use with a position determination system in determining the 

i \ 

2 plication of a position on a vejiicle, comprising: 

3 a target body; 

4 :£ one or more target elerrfents detectable by the position determination system and disposed 


i ii 

i ft? 


5 the target body along a single line, the single line substantially parallel to a longitudinal axis 

■ ??" 

6 jof the target body; 

7 a point definer extending from the target body, the point definer including a point capable 

\ 

8 of being located adjacent the position on the vehicle, the point being at a known location fi'om 

9 the target body; and 

10 an attachment device for stabilizing the position of the target body relative to the vehicle 

1 1 and the point on the point definer ^relative to the position on the vehicle to be located, the 

\ 

1 2 attachment device including an attachment arm and a connector for detachable connection to the 

1 3 vehicle, the attachment arm being attached to the target body by a first pivot and being attached 

14 to the connector by a second pivot, 

\ 43 
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6' 


8 
9 
10 


ha DO 



wherein tha position determination system determines a location of the target body after 
ptecting the target d^h^ents disposed on the target body. 


\&. A position determination system for determining the location of a position on a 


2 vehicle, conWising: 


6 3 


MS!! 


a vision inihging system; and 
a target system mduding 
a target body. 

one or more target elements disposed on the target body and detectable by the 
position determination system, an( 

a point definer extending from the target body, the point definer including a point 
capable of being located adjacent the positioirHm the vehicle; 

wherein the vision imaging system determines^a location of the target body after 


1 i 


1 1 jlptecting the target elements disposed on the target body. 


5' 


1 ' 29. The system according to claim 28, wherein the point onS^je point definer is at a 

2 known location from the target body. 



30. The sWem according to claim 28, wherein the point is at a distal end of the point 


finer. 


31. The systeiA according to claim 30, wherein the point is at the vertex of a conical 


2 projection at the distal end olf the point definer. 
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1 32. The system according to claim 28, wherein the point definer includes one or more 

2 joints that enable the pomj to be positioned at a different location relative to the target body. 

^JVw system ascording to claim 32, wherein the one or more joints each allow 

rotation of the point in one or mwe axis relative to the target body. 


^4 


1 

2 


1 


The system according to claim 32, wherein the point definer includes one joint 



allowing the point one axis of rotation 


body, the point being positionable in 


3 ^y one of three positions. 


35. TheXsystem according to claim 32, wherein each joint includes a lock to 
actively prevent o\ allow movement of the point relative to the target body. 

36. The system according to claim 28, further comprising a trigger for operating the 
detection of the target system by the vision imaging system. 

m \ ■ 

xhe system according to claim 36, wherein the trigger is positioned on the target 

\ > 
body and is remote from the vision imaging system. 



38. The system according to claim 36, wherein the trigger operates the position 
determination system by selectively changing the detection of one or more of the target elements 


3 by the vision imaging system. 


39. The system according fo claim 38, wherein the trigger is movable between first 
and second positions, and in a first position, the trigger conceals the one or more target elements 
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from the vision raiaging system, and in the second position, the trigger exposes the one or more 
target elements to tne vision imaging system. 

40. The system according to claim 28, wherein the target elements are positioned on a 
gle line along the target body. 

41. The system according to claim 40, wherein the single line is substantially parallel 
with a longitudinal axis of the t^get body. 

42. The system accoraing to claim 40, further comprising an attachment device to 


^bilize the position of the target\body relative to the vehicle and the point relative to the 


I||>sition of the vehicle to be located. 


43. The system according to claim 40, wherein the attachment device includes an 
llftachment arm and a connector for detachable connection to the vehicle, the attachment arm 

\ 

.^ing attached to the target body by a first pivot and being attached to the connector by a second 


t err 


lis 


f)lVOt. 


44. The system according to claim\28, further comprising an attachment device to 


stabilize the position of the target body relative to the vehicle and the point on the point definer 

45. The system according to claim 44^ wherein the attachment device further 
comprises a receiver to which the point definer is attached and a connector that connects with the 
vehicle. 
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46. Thexsystem according to claim 45, wherein the receiver includes a reference 


2 feature that defines \ie position of the attachment device relative to the point on the point 

3 definer. 


47. The system according to claim 46, wherein the connector defines a positional 
lationship between the position on the vehicle to be located and the reference feature. 


48. The system according to claim 45, wherein the receiver defines a cylindrical 
ipcess into which a portion of the\)pint definer is inserted. 



1 

2 


49. 


The system according r^laim 45, wherein the attachment device is adapted to be 


attached to a strut of the vehicle. 

E -3 


1 

2 


le system according to claini 


ia,Jhe receiver defines a cylindrical 


Fgpess into which a portion of the point definer i: 


is 


em according to claim 50, wherein the reference feature and the receiver 
7 prevent movement of the point definer relative to the attacnment ae^ 



N 


52. The systeun according to claim 51, wherein the reference feature is a flat plane 


unding a portion of the recess. 



A position determination system for determining the location of a position on a 
C^^g^ vehicle, comprisingf 


a vision imaging system; 
a target system including 
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target body; 


11 


12 


13 


14 ly 


oneN^ more target elements disposed on the target body and detectable by the 
vision imaging sy^tmi; 

a trigger positionbd on the target body and remote from the vision determination 
system, the trigger operating tlbs^ision determination system by selectively changing the 
detection of one or more of the targer^ements by the vision determination system; and 

a point definer extending from theH^get body, and the point definer including a 
point at a distal end of the point definer, the poinNjeing capable of being located adjacent 
the position on the vehicle, and the point is at a known ibmtion from the target body; 
wherein the vision imaging system determines a locationS^of the target body after 


1 5 detecting the target elements disposed on the target body. 
LO 


1 

2 


8 


10 


11 


m 


54. A position determination system for determining the location of a position on a 



vehicle, comprising: 


a vision imaging system; and 
a target system including 
a target bo^y; 

one or moreVarget elements detectable by the vision determination system and 
disposed on the target ^ody along a single Hne, the single line being substantially parallel 
to a longitudinal axis of the body; 

a point definer extending from the target body, the point definer including a point 
capable of being located adj£\cent the position on the vehicle, the point being at a known 
location from the target body; ^d 
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12 an attachment device for stabilizing the position of the target body relative to the 

13 vehicle and me point on the point definer relative to the position on the vehicle to be 

14 located, the atmchment device including an attachment arm and a connector for 

15 detachable connection to the vehicle, the attachment arm being attached to the target 

1 6 body by a first pi vokand being attached to the connector by a second pivot, 

\ 

17 J wherein the vision imaging system determines a location of the target body after 

\ 

ducting the target elements disposed on the target body 

55. A method of obtaining a location of a position on a vehicle using a position 

m \ 

t#termination system, comprising the steps of: 

ly \ 

3 indicating the position with a \arget system; and 

4 ^"^"^ imaging the target system with\the position determination system to obtain the location, 

t 

S 'Hi 

5 !#herein the target system includes: 

ill 

6 % a target body, 

7 one or more target elements \disposed on the target body and detectable by the 



8 position determination system, and 

9 a point definer extending from tfie target body, the point definer including a point 
10 capable of being located adjacent the posi^jon on the vehicle. 

1 56. The method according to claim 55, wherein the point on the point definer is at a 

2 known location from the target body. 
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1 


1 


1 57. The memod according to claim 56, wherein the position determination system 

2 calculates the location o^the target body and interpolates the location of the point from the 

3 location of the target body. 


58. The method according to claim 55, wherein the point is at a distal end of the point 


definer. 


0 

59. The method according to claim 58, wherein the point is at the vertex of a conical 

s n \ 

^projection at the distal end of the point definer. 

\ 

y 60. The method according to claim 55, wherein the point definer includes one or more 
ij|)ints and the one or more joints enabling the point to be positioned at a different location 

m 

^relative to the target body. 


• 3^ 


Ei S 


1 61. The method according to claim 60, wherein point is positionable relative to the 

W \ 

2 :; mrget body in a finite number of point positions. 


1 62. The method according to claim\61, wherein point is positionable relative to the 

2 target body in any one of three point positions. 

1 63. The method according to claim 62, wherein the position determination system 

2 calculates the location of the target body and interpolates the location of the point from the 

\ 

3 location of the target body, and the step of imaging the target system includes: 

i„.en=ola,i„g .ocaUons of .he poin. foLh poin. position. 
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5 comparing the interpolated location of the point for each point position to an 

6 estimated location of the position on the vehicle, and 

7 obtairmng the location by choosing the interpolated location closest to the 

8 estimated location. 

\ 

1 64. The method according to claim 55, wherein the target elements are positioned on 

2 a single line along the target body. 


^ 65. The method according to claim 64, wherein the single line is substantially parallel 


(2/ 0ith a longitudinal axis of the\target body. 


g 66. The method according to claim 64, wherein the target system includes an 

2 ffltachment device to stabilize the position of the target body relative to the vehicle and the point 

\ 

3 ^relative to the position of the vehiole to be located, 

ill 

1 ]^, 67. The method according to claim 55, further comprising the step of triggering the 

* \ 

2 'step of imaging using the target system. 


1 68. The method according to claim 67, wherein the triggering selectively changes the 

2 detection of one or more of the target elements by the position determination system. 

1 69. The method according to claim 68, wherein the triggering selectively conceals or 

2 reveals one or more target elements respec^^ely from or to the position determination system. 

1 70. The method according to claim 55, further comprising the step of calibrating the 

2 target system by determining the positional relationship of the point relative to the target body. 
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71. Th\ method according to claim 70, wherein the step of calibrating the target 
system includes: 

positioning the target body of the target system in at least three different locations 
while fixing the point of the point definer adjacent to the position on the vehicle, 

determining tfie location of the target body at each of the at least three different 
locations, and 

interpolating the point of the point definer from the at least three different 
locations of the target body. 

72. The method according fo claim 70, wherein the step of calibrating the target 
^^stem includes: 




I i'ii 

I '"3 



positioning the target body of^e target system in at least three different locations 
while maintaining the point definer within a calibration fixture, 

determining the location of the target body at each of the at least three different 
locations, and 

interpolating the location of the point relative to the target body from the at least 
three different locations of the target body. 

73. The method according to claim 72, wherein the fixture fixes the point of the point 
definer at a single location during the positioning of the target body. 

74. A method of obtaining a location of a posi^on on a vehicle using a position 
determination system, comprising the steps of: 

indicating the position with a target system; 

52 
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4 imaging ute target system with the position determination system to obtain the location, 

5 wherein the target sys^^m includes: 

6 a target body, 

7 one or more\arget elements disposed on the target body and detectable by the 


8 


position determination\system, and 



a point definer extending from the target body, the point defmer including a point 
^ capable of being located adjacent the position on the vehicle; 

triggering the step of imagingSthe target system by selectively changing the detection of 
12 l^e or more of the target elements by the,^^ determination system; and 

calibrating the target system by determining the positional relationship of the point 


13 


15 


1 


Hi." 


14 plative to the target body. 


5i? « 


i ' ti 
t aw' 


wherein the position determination system calculates the location of the target body and 


16 Interpolates the location of the position from theSlocation of the target body and the positional 


17 fSlationship of the point relative to the target body. 



i 1 

75. A method of measuring a body tilt\ angle of a vehicle using a position 


2 determination system, comprising the steps of: 

3 indicating vehicle definition points on the vehicle with one or more target systems; 

4 imaging the one or more target systems to obtainXa position for each of the vehicle 


5 definition points; 


8 


defining a body tilt line using the positions of each of the yehicle definition points; 
defining a reference line; and 

calculating the body tih angle between the body tilt line and the reference line. 
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1 76. The method according to claim 75, wherein the reference Hne is along the plane 

2 defined by the surface ugon which the vehicle is supported. 

1 77. The methodVaccording to claim 75, wherein the reference line is along the plane 

2 defined by centers of rotation of wheels of the vehicle. 

78. The method according to claim 77, wherein the centers of rotation of the wheels 

V 

re indicated using targets, wh\ch are positioned on the wheels and imaged by the position 
[^termination system. 



4 

a ; » 


79. The method according to claim 75, wherein the vehicle definition points includes 


^points found on each side of the vehicle, as split by a vertical plane passing centrally through a 


1 Bri* 


3 Jength of the vehicle. 


* 7 


1 111 80, The method according to claim 79, wherein the vehicle definition points of the at 

ft \ 

2 lifeast one set of vehicle definition points are selected fi'om identical locations common to both 

3 sides of the vehicle. 

\ 

1 81. The method according to claim^75, wherein the target system includes: 

2 a target body; 

3 one or more target elements disposed on the target body and detectable by the position 

4 determination system; and 

5 a point defmer extending from the target body, the point definer including a point capable 

6 of being located adjacent the vehicle definition point on the vehicle. 
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82. The method according to claim 75, further comprising the step of comparing the 
calculated body tilt angle; to a specified range of body tilt angles. 

i 

s 

83. A method \ of measuring a body tilt angle of a vehicle using a position 
determination system, comprising the steps of: 

indicating vehicle definition points on the vehicle with one or more target systems, the 
^ vehicle definition points including points found on each side of the vehicle, as split by a vertical 
^lane passing centrally through a length of the vehicle, and the target systems each including: 



a target body, 


ly one or more target elements disposed on the target body and detectable by the 

O position determination syktem, and 


ir 

£^ H 

k ft n 

m 


1 

a point definer extending from the target body, the point definer including a point 
capable of being located adjacent the vehicle definition point on the vehicle; 
imaging the one or more target systems to obtain a position for each of the vehicle 


definition points; 

defining a body tilt line using the positions of each of the vehicle definition points; 
defining a reference line; 

calculating the body tilt angle between the body tilt line and the reference line; and 
comparing the calculated body tilt angle to a specified range of body tilt angles. 

84. A method of measuring a perpendicular distance on a vehicle using a position 
determination system, comprising the step^of: 

indicating a reference point on the vehicle with a target system; 

WDC99 39893N2.010473.0635 " 


\ 


imaging target system to obtain a position of the reference point; 
defining a refe^nce plane; and 
calculating the pWpendicular distance between the reference plane and the reference 


point. 


1 85. The method according to claim 84, wherein the reference plane is the plane 

defined by the surface upon whichthe vehicle is supported. 

86. The method accordingVo claim 84, wherein the reference plane is defined using at 


2 feast three non-collinear points and the at least three points are indicated using the target system. 


III 


1 .5^5 87. The method according to claim 84, wherein the target system includes; 

'few V 

2 Ifl a target body; 

3 13 one or more target elements disposed o\the target body and detectable by the position 

in 

4 Betermination system; and 

G ; t: 

5 -^^ a point definer extending from the target body)^ the point definer including a point capable 

6 of being located adjacent the reference point on the vehicle. 

\ 

1 88. The method according to claim 84, wherein the reference plane is defined by 

2 centers of rotation of wheels of the vehicle. 



1 89. The method according to claim 88, wherein the centers of rotation of the wheels 

2 are indicated using targets, which are positioned on the wheels and imaged by the position 

3 determination system. 



90. The method according to claim 84, wherein the target system includes: 
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2 a target body; 

3 one or more target elements disposed on a single line along the target body and detectable 

4 by the position determinanpn system; and 

5 a point definer extending from the target body, the point definer including a point capable 

6 of being located adjacent the yehicle point on the vehicle. 

91 . The method according to claim 90, wherein the single line is substantially parallel 


^ 91 . The method accor 

with a longitudinal axis of the target body. 


1 

92. The method according to claim 90, wherein the target system includes an 

\ 

2 Jiltachment device to stabilize the position of the target body relative to the vehicle and the point 

3 igid the point definer relative to the reference point on the vehicle. 

A 

p 93. The method according\ to claim 84, wherein the perpendicular distance being 

in 


2 IMeasured is ride height. 


? sir 


1 94. The method according topaim 84, further comprising the step of comparing the 

2 calculated ride height to a specified rangeiof ride heights. 

1 95. The method according to claim 93, wherein the reference point is located on a 

2 wheel well. 


1 96. A method of measuring ride\height on a vehicle using a position determination 

2 system, comprising the steps of: 

3 indicating a reference point on the ^^ehicle with a target system, the target system 

4 including: 
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a target body, 

le or more target elements detectable by the position determination system and 
disposed or^ single line along the target body, and 

a poini definer extending from the target body, the point definer including a point 
capable of being located adjacent the vehicle point on the vehicle; 

imaging the target system to obtain a position of the reference point; 

\ 
\ 

defining a reference plane; 

\ 

calculating ride height^between the reference plane and the reference point; and 
in comparing the calculatedVride height to a specified range of ride heights. 


5-Ji 


97, A method of obtainijig a toe curve for a wheel on a vehicle using a position 


determination system, comprising the\teps of: 


indicating a reference point on tn^ vehicle with a target system; 

111 

!/; imaging the target system to obtainXa position of the reference point; 

W \ 

h defining a reference plane; , 

^ \ 

obtaining a first toe angle of the wheel ;\ 

\ 

calculating a first perpendicular distance between the reference plane and the reference 

\ 

point, the first toe angle and the first perpendicular distance defining a first data point; 

changing the first perpendicular distance toV second perpendicular distance; 

obtaining a second toe angle of the whe^, the second toe angle and the second 
perpendicular distance defining a second data point; and 

interpolating a toe curve from at least two data points. 
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98. The mqthod according to claim 97, wherein the reference plane is the plane 
defined by the surface upon which the vehicle is supported. 

99. The methodWcording to claim 97, wherein the toe angles are obtained using the 
position determination system imaging a target positioned on the wheel. 


100. The method according to claim 97, wherein the reference plane is defined by 
centers of rotation of wheels of the vehicle. 


101. The method according to claim 100, wherein the centers of rotation of the wheels 

\ 

e indicated using the targets positioned on the wheels and imaged by the position determination 


system. 


ly a target body; 



i"^ 1 02. The method according to claim 97, wherein the target system includes: 


i-n. 


one or more target elements detectable by the position determination system and disposed 


on a single line along the target body; and \ 

a point definer extending fi-om the. target body, the point definer including a reference 

\ 

point capable of being located adjacent the vehicle point on the vehicle. 

... 

103. The method according to claim 102, wherein the single line is substantially 
parallel with a longitudinal axis of the target ^ody. 


\ 


WDC99 398931-2.010473.0635 


59 \ 


104. The method\according to claim 102, wherein the target system includes an 
attachment device to stabilize the position of the target body relative to the vehicle and the point 
on the point definer relative to tnb reference point on the vehicle. 



perpendicular distance before obtaining a new perpendicular distance and a new toe angle for the 
wheel before extrapolating the toe curve, the new toe angle and the new perpendicular distance 
defining a new data point. 


106. The method according to claim 97, wherein the second perpendicular distance is 
J<||)tained by: 

13 

ill vertically moving the vehicle relative to the wheel 

imaging the target system again to obtain a second reference point, and 


M 4 M 


W calculating the second perpendicular distance between the reference plane and the 

ifl 


second reference point. 



107. The method according to claim 97 j further comprising the step of comparing the 

108. The method according to claim 97, ^rther comprising the step of extrapolating a 
toe angle from the toe curve for a given perpendicula^distance. 

109. The method according to claim 108, further comprising the step of comparing the 
extrapolated toe angle to a specified range of toe angles at the given perpendicular distance. 
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1 110. The method aacording to claim 97, further comprising the step of extrapolating a 

2 perpendicular distance from tha toe curve for a given toe angle. 

1 \y 111. The method according to claim 110, further comprising the step of comparing the 

extrapolated perpendicular distance to a specified range of perpendicular distances at the given 
toe angle. 

112. The method according to claim 97, wherein the reference point is located on a 



I; '3 


2 'Svheel well. 


1 113. A method of obtaining^ a toe curve for a wheel on a vehicle using a position 

IV \ 

2 i^etermination system, comprising the steps of: 

i \ 

3 E indicating a reference point on the vehicle with a target system, the target system 

4 '*mcluding: 

5 W a target body, 

6 one or more target elementsXdetectable by the position determination system and 

7 disposed on a single line along the target body, the single line being substantially parallel 

8 to a longitudinal axis of the target body, and 

9 a point definer extending from the target body, the point definer including a point 

10 capable of being located adjacent the reference point on the vehicle; 

1 1 imaging the target system to obtain a ppsition of the reference pomt; 

1 2 defining a reference plane; 

13 obtaining a first toe angle of the wheel; 
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calculating a first perpendicular distance between the reference plane and the reference 
point, the firsrioe angle and the first perpendicular distance defining a first data point; 
vertically Vioving the vehicle relative to the wheel; 
imaging the\arget system again to obtain a second reference point; 

calculating a second perpendicular distance between the reference plane and the second 
reference point; 

obtaining a second toe angle of the wheel, the second toe angle and the second 
Eprpendicular distance denning a second data point; and 
i5i interpolating a toe curve from at least two data points. 


^0 


wherein the toe angles are obtained using the position determination system imaging a 


target positioned on the wheel.) 


114. A method of meas^iring alignment of a body of a vehicle relative to wheels of the 

m 

Vehicle using a position determination system, comprising the steps of: 


1=^ 


indicating a plurality of body; definition points on the vehicle with a target system; 
imaging the target system to obtain positions of the body definition points; 
calculating a body center line from the positions of the body definition points; 
obtaining a wheel center line; and 

calculating a body alignment angle between the body center line and the wheel center 


line. 


115. The method according to clajm 114, wherein the step of obtaining the wheel 
center line includes: 
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indicah^g the centers of rotation of the wheels using targets, which are positioned on the 
wheels, and 

imaging the t\*gets with the position determination system to obtain positions of the 

wheels. 


116. The method\according to claim 115, wherein the step of obtaining the wheel 
center line further includes: 

calculating a front center point of a front wheel track extending between the wheel 
•definition points of two front wheels, 

m \ ■ 

^£ calculating a rear center point of a rear wheel track extending between the wheel 

ffi .. \ 

^^finition points of two rear wheels, and 


f, 1'^' 


Iji defining the wheel center line asMncluding the front center point and the rear center point. 


117. The method according to claim 114, wherein the plurality of body definition 


cia 

A 


]^ints includes two sets of two body definition points. 

\ 


118. The method according to claim \1 17, wherein each set of body definition points 
includes body definition points found on each side of the vehicle, as split by a vertical plane 
passing centrally through a length of the vehicle. 

119. The method according to claim 11 8, Wherein the body definition points of each 
set of body definition points are selected from identical locations common to both sides of the 
vehicle. 
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1 120. Vrhe method according to claim 117, wherein the two sets of body definition 

2 points includes \ front set substantially adjacent to a front of the vehicle and a second set 

3 substantially adjacent to a rear of the vehicle. 

121 . The method according to claim 120, wherein the step of obtaining the body center 
line further includes: 

calculating a frdnt body center point of a front body line extending between the body 

4 definition points of the front set, 

13 \ 

t ^ \ 

5 :5 calculating a rear body center point of a rear body line extending between the body 

kg ... \ 

6 definition points of the rear set, and 


\ 

defining the body center line as including the front body center point and the rear body 

m 

8 center point. 

1 |y 122. The method according to claim 114, wherein the target system includes: 

a target body; 


3 one or more target elements detectable by the position determination system and disposed 

\ 

4 on a single line along the target body; and 

5 a point definer extending from\the target body, the point definer including a reference 

\ 

6 point capable of being located adjacent the body definition point on the vehicle. 

1 123. The method according to d^aim 1 14, further comprising the step of comparing the 

2 calculated body alignment angle to a specified range for the body alignment angle. 
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1 124. A method of measuring alignment of a body of a vehicle relative to wheels of the 

2 vehicle using a posiubn determination system, comprising the steps of: 

3 indicating two s^ts of two body definition points on the vehicle with a target system, each 

4 set of body definition pqjnts including body definition points found on each side of the vehicle, 
as split by a vertical plane passing centrally through a length of the vehicle, and the two sets of 

^ \ 

body definition points includes a front set substantially adjacent to a front of the vehicle and a 

\ 

second set substantially adjacent to a rear of the vehicle, each target system including: 

I, 

a target body, 

one or more target elements detectable by the position determination system and 

i 

disposed on the target body, the single line being substantially parallel to a longitudinal 





1 1 01 axis of the target body, and 

12 13 a point definer extending fi-om the target body, the point definer including a point 


13 capable of being located adjacef\t the reference point on the vehicle; 

14 j J imaging the target system to obtain positions of the body definition points; 

1 5 calculating a body center line from the positions of the body definition points; 

16 obtaining a wheel center line; \ 

17 calculating a body alignment angle j[ between the body center line and the wheel center 

1 8 line; and 


19 comparing the calculated body alignment angle to a specified range for the body 


20 alignment angle. 
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